O ctober 7, 2011, marked the end of the 10th year of US combat operations in Iraq and Afghanistan. As in previous conflicts, 1 these wars have led to major advances in treating combat casualties, 2 and the advances are also being translated into injury management paradigms in civilian trauma centers.
3Y5 Coincident with these advances was an increase in combat casualty research directed toward identifying new methods for saving lives and reducing the long-term disability resulting from battlefield injuries.
A review of the scientific literature published during this period can be used to evaluate the research on combat casualty care conducted during the recent conflicts. One approach for determining the influence of individual articles is to measure the number of citations or the acknowledgments that one article receives from another. 6 Previous citation studies have focused on trauma research in general 7 and on the vascular surgery literature, 8 but to our knowledge, no previous citation analyses have been reported for combat casualty care. The objective of this article was to identify and assess the relative impact of the top 50 most frequently cited articles on combat casualty care published during the first 10 years of war.
MATERIALS AND METHODS
The Thompson Reuters Web of Science was queried in October 2011 for articles published between 2001 and 2011, the first 10 years of the current conflicts in Iraq, Operation Iraqi Freedom (OIF) from March 19, 2003 , to February 21, 2010 , and Operation New Dawn from February 22, 2010 , to the present and in Afghanistan, Operation Enduring Freedom (OEF) from October 7, 2001 to the present. The Web of Science, which is produced by the Institute for Scientific Information, provides Web access to the Science Citation Index, MEDLINE, and other citation indexes, which collectively index more than 12,000 journals worldwide, including openaccess journals. 9 We searched for articles indexed by one or more of the following terms: combat, war, military, OEF, OIF, Operation Enduring Freedom, Operation Iraqi Freedom, Overseas Contingency Operations, Operation New Dawn, and Global War on Terrorism in combination with any one or more terms related to trauma, specifically wound, injury, trauma, or casualty.
Using the search refinement capability within Web of Science, we limited the selected articles to those within the following subject areas of highest relevance to combat casualty care: surgery, orthopedics, critical care medicine, emergency medicine, infectious diseases, or hematology. We further limited the selected publications to those that were articles (reviews, abstracts, meeting announcements, etc. were omitted). Articles published in any journal between 2001 and 2011 were accessed using the Web of Science database to obtain information about the number of article citations. A final review of the top 50 most frequently cited articles resulted in exclusion of an additional 13 publications: 2 that were not focused on the relevant conflicts (OEF/OIF, Global War on Terrorism, Overseas Contingency Operations) and 11 that did not specifically address combat casualty care. Thus, the next most cited articles that met the inclusion criteria were elevated into the top 50.
The 50 most cited articles were then analyzed with regard to the topic, authors, institution(s), major category (preclinical vs. clinical/epidemiologic), and number of citations. The epidemiologic/clinical studies were further categorized with regard to the patient population, military versus civilian.
RESULTS
The 50 most frequently cited articles were cited from 40 to 264 times during the 10-year study period, with a median value of 152 citations. The earliest article from this list was Table 1 ). The most frequent topics of the articles in our study were resuscitation, epidemiology, and hemostasis, respectively, which collectively accounted for most articles (39 of 50, 78%) ( Table 2) . Six of the studies were categorized as preclinical and 44 as clinical/ epidemiologic. Of the clinical/epidemiologic studies, 37 were of military personnel, and 7 were civilian studies with implications for combat casualty care.
The most frequently cited military article was also the most cited overall, #1 by Borgman et al. (2007) , ''The ratio of blood products transfused affects mortality in patients receiving massive transfusions at a combat support hospital.'' This study involved a retrospective chart review of 246 patients at a 10 ), each of whom received a massive transfusion (Q10 U of red blood cells [RBCs] in 24 hours). In this analysis, the authors demonstrated that for patients with combat-related trauma requiring massive transfusion, a high plasma-to-RBC ratio approaching 1:1.4 was associated with improved survival to hospital discharge, secondary to decreasing death from hemorrhage. They concluded that a 1:1 ratio of plasma to RBCs should be used in massive transfusion protocols for all hypocoagulable patients with traumatic injuries. With 264 citations, this article had more than twice the number of citations as the second most cited article by Owens et al. (2008) , ''Combat wounds in Operation Iraqi Freedom and Operation Enduring Freedom,'' which had 124 citations.
The most cited study of a civilian population was article #8 by Kashuk et al. (2008) , ''Postinjury life threatening coagulopathy: Is 1:1 fresh frozen plasma: packed red blood cells the answer?'' The aim of this study was to further evaluate the results of the Borgman et al. study using civilian trauma data to investigate the independent effect of the fresh frozen plasma (FFP)YtoYRBC ratio in 133 patients who received 910 U of RBC. The investigators found that although the data suggested that a 1:1 FFP/RBC ratio reduced coagulopathy, it did not translate into a survival benefit, indicating that further clinical investigation was necessary.
Among the preclinical studies, the most cited was #14 by Alam et al. (2004) , ''Application of a zeolite hemostatic agent achieves 100% survival in a lethal model of complex groin injury in swine,'' in which they used a combined femoral artery and vein transection model to compare nine hemostatic dressings. They concluded that the use of a zeolite hemostatic agent controlled hemorrhage and significantly reduced mortality compared with untreated controls. Of the 13 epidemiologic studies, 9 were focused on combat casualties in general and the remainder on more specific topics, with 1 article addressing each of the following: orthopedics, infection, vascular trauma, and rehabilitation.
Many authors had more than one top cited article identified in our study. Dr. John B. Holcomb had both the highest number of articles and the highest number of citations, followed by Dr. Charles E. Wade and Dr. Jeremy G. Perkins (Table 3) .
By institution, 20 of the 50 most cited articles had involvement of investigator(s) from the US Army Institute of Surgical Research, and 10 of the 50 used data from the Joint Theater Trauma Registry, the comprehensive combat casualty care registry similar to the civilian National Trauma Data Bank. 11 
DISCUSSION
This study identified the most frequently cited research in combat casualty care during the first 10 years of the current conflicts. Our results suggest that the greatest impact on both the military and civilian trauma care communities has been in the resuscitation of massively bleeding casualties, known as damage-control resuscitation (DCR). The DCR concept developed from a series of technical and organizational advances in combat casualty care 12 and was based on efforts to replace natural components of whole blood and reverse physiologic decompensation. Hallmarks of the DCR process include the identification of key resuscitation end points, the use of physiologically comparable blood products and agents that support coagulation, and an effective multidisciplinary approach to trauma care. 13 The topics of the combat casualty care articles cited in our study contrast with those reported in ''Citation classics in trauma,'' an article by Ollerton and Sugrue 7 (2005) in the Journal of Trauma, in which few of the highly cited articles reported data on blood transfusions or hemostasis. This difference can be explained by the fact that combat casualty research during our study period was focused on the resuscitation of severely bleeding patients because hemorrhage is the most common cause of death on the battlefield from a potentially survivable injury. 14Y16 The most cited military and civilian articles (#1, Borgman et al. [2007] and #8, Kashuk et al. [2008] , respectively) were among these studies and addressed the combat casualty care topic that could arguably be considered to have had the greatest impact during the past 10 years, the potential for increasing survival by administering a high ratio of plasma to RBCs in exsanguinating patients. Since their publication, these articles that were included in the category ''resuscitation'' have stimulated a wide range of additional studies on both the 1:1 ratio 17 and related strategies, including a high platelet-to-RBC ratio, 18 in both combat and civilian trauma patients. These studies have also led to widespread changes in the treatment guidelines for managing patients with hemorrhage. 19, 20 The high interest in research on the treatment of hemorrhage was also evidenced by the large number of top cited articles focused on vascular injury and the use of hemostatic methods and devices (i.e., hemostatic agents/dressings and tourniquets). The topics of ''hemostasis'' and ''vascular trauma'' combined comprised 14 articles, which is equal to the number of articles in the category ''resuscitation.'' The observation of an equal number of articles in these two topic areas is notable and reflects an appropriate balance of interest in research into identifying and controlling hemorrhage as well as restoring circulatory volume. The article by Kragh et al. (2009) , ''Survival with emergency tourniquet use to stop bleeding in major limb trauma,'' although #44 among the most cited articles, was nevertheless important for having an influence on increased use of tourniquets and for spurring interest in related research on devices to decrease junctional bleeding. 21 The most cited preclinical article (# 14, Alam et al., 2004) , which investigated a hemostatic dressing, provides further evidence of the high interest and impact of research on hemorrhage using animal models.
Combat casualty epidemiology, the topic with the second highest number of articles among the 50 most cited, included articles describing the characteristics of combat casualties (e.g., #2, Owens et al., 2008) and efforts to develop the Joint Trauma System to respond to these injuries (e.g., #18, Eastridge et al., 2006) . The Joint Theater Trauma Registry, the data repository collecting and hosting US Department of Defense trauma-related data for casualties admitted to a NATO Role III facility, was the data source for 3 of the 13 top-cited epidemiology articles. The relatively large number of epidemiologic studies, many of which focus on NATO Role III, may in part reflect the logistical and regulatory obstacles to conducting prospective clinical trials in the combat setting and the challenges in collecting out-of-hospital data from NATO Role I and II facilities. 22 However, these studies identify potential gaps in capability and performance and provide direction for the development of evidence-based research and process improvement efforts. The findings are also informing the development of new technologies and innovations and are serving as the basis for conducting long-term outcome studies.
Some topics representing a high injury burden in combat were not well represented among the top-cited articles. Orthopedic injuries comprise the highest percentage of anatomic injuries on the battlefield 23 and a high burden of longterm disability, 24 but only two articles focused on this topic (#7, Owens et al., 2007; and #43, Potter et al., 2007) . The Joint Trauma System, a systematic and integrated approach that has revolutionized battlefield trauma care, 25 and traumatic brain injury, which can have serious long-term consequences, 27Y29 Despite their low representation among the top cited articles, heightened interest and additional research on these topics within the combat casualty care community remain critically important.
Our study has several limitations. Articles of high interest that were published very recently have not had sufficient time to be as widely cited as those presented here. Future analyses will be needed to understand the true impact of research published during the period of the current conflicts. In addition, because the focus of our study was very broad (i.e., on combat casualty care in general), some topics such as prehospital care may not have been adequately represented. Given its importance, a separate analysis of the research on this topic is warranted. Finally, we did not evaluate the quality of the studies or attempt to assess their impact on clinical practice.
Despite these limitations, our study provides an informative analysis of combat casualty care citations and identifies the trauma management topics and individual articles of greatest interest and potential impact resulting from the first decade of sustained combat operations. The most cited articles published during the first 10 years of war reflect the most important cause of battlefield death, massive bleeding. Some important topics such as orthopedic injuries and prehospital care were not well represented among the top cited articles. These results demonstrate the importance of combat casualty research during this period not only for advancing military medicine but also for translating these lessons learned into civilian injury management paradigms. Future analysis of combat casualty care research will be useful in developing an injury care research agenda for both the military and civilian trauma care communities. 
